Introduction: Intestinal Escherichia coli pathogens are major causes of diarrhoeal disease in children under five years of age worldwide. The aim of this study is to evaluate the association of E. coli pathotypes with childhood diarrhoea in Colombia. Methodology: A case-control study was conducted in 815 samples from children younger than five years of age in Cartagena, Colombia (466 cases and 349 controls). Controls were randomly selected 1:1 to cases, to obtain 349 cases and 349 controls. Results: This study revealed that 27 (7.44%) cases and 12 (3.43%) controls were positives for any of the E. coli pathotypes. The difference observed was statistically significant indicating that E. coli pathotypes were associated with cases of childhood diarrhoea. Enterotoxigenic E. coli (ETEC) was the most common pathotype associated with childhood diarrhoea. Additional E. coli pathotypes were also identified. Conclusions: We conclude that after the adjustment by age, sex and socioeconomic stratum, the odds ratio obtained by logistic regression shows an association between infection with ETEC and childhood diarrhoea.
Introduction
Acute diarrhoeal disease (ADD) is a serious public health problem in developing countries, and it remains a major cause of morbidity and mortality in children younger than five years of age [1] . In this age group it is estimated that 1.5 to 2.5 million deaths occur annually due to ADD, that is, about 10 deaths every minute [2, 3] . Among all etiological agents implicated in the causation of childhood diarrhoea, intestinal Escherichia coli pathogens are believed to be the second most frequent pathogens after rotavirus [4, 5] . The identification of E. coli pathotypes in association with diarrhoea has been limited in many developing countries because conventional microbiological testing is unable to distinguish between normal flora and pathogenic strains of E. coli. There are six different intestinal E. coli pathotypes associated with diarrhoea, including enteropathogenic (EPEC), shiga-toxin producing (STEC), enterotoxigenic (ETEC), enteroinvasive (EIEC), enteroaggregative (EAEC), and diffuse adherent E. coli (DAEC) [6, 7] .
Detection of intestinal E. coli pathogens is most commonly performed by DNA amplification technology, including multiplex polymerase reaction (PCR) assay or PCR-free detection assays [8] [9] [10] . While DNA detection technology implementation is costly and technically challenging in many countries with limited resources, recent technology has been reported that may facilitate the performance of these assays in areas with inadequate or absent freezing conditions (our unpublished results) or even in areas with no electric power [11] . Information obtained on intestinal E. coli pathogens through these assays is the basis for the epidemiological surveillance information on which national and international public health authorities depend to implement preventive measures, recommend pathogen-specific medical management, and invest in vaccine development research.
The country of Colombia has 44 million inhabitants, 27.7% under the age of 15 years of age, with 77% of the population living in urban areas. The Colombian infant mortality rate is 16.9 deaths per 1,000 live births, which places the country in 111 th place out of 229 nations [12] . In Colombia, diarrhoea is the second most common cause of morbidity after respiratory infections, with a rate of 110 cases per 100,000 inhabitants [13] . Very few studies are available on the role of specific etiologic agents associated with diarrhoea, and limited epidemiological surveillance is being implemented. Studies report that rotavirus is associated with a significant number of cases of diarrhoea [14] [15] [16] [17] [18] . Limited studies report the role of bacterial pathogens, including Shigella, Salmonella, and V. cholerae, in causing childhood diarrhoea [13, 17, 19, 20] .
A recent prevalence study in two Caribbean cities in Colombia reported that 14.4% of all E. coli clinical isolates tested and 7.5% of all stool specimens tested were positive for intestinal E. coli pathogens. The pathotypes identified included ETEC, STEC, EAEC, DAEC, and EPEC, with ETEC being the most common pathotype [21] . Some E. coli clinical isolates had more than one virulence gene detected and were designated as mixed pathotypes [22] . In addition to clinical isolate testing, a similar study was conducted on food products from retail stores in Colombia to evaluate their contamination with intestinal E. coli pathogens. Using the same two-sample PCR assay, it was shown that 7.9% of all food products were positive for E. coli pathotypes, including mixed pathotypes [23] . The clinical significance of these E. coli isolates could not be determined by these studies, as no control group was evaluated.
To evaluate the association of classic E. coli pathotypes and emergent E. coli with childhood diarrhoea in Cartagena, Colombia, a case control study was conducted. The goals of this study included the detection of classic intestinal E. coli pathogens in stool samples from children with or without ADD, detection of emergent E. coli intestinal pathogens, and evaluation of the association between intestinal E. coli pathogens and childhood diarrhoea.
Methodology

Study design
A case-control study was conducted to evaluate the association of E. coli pathotypes with diarrhoea in children younger than 5 years of age in Cartagena, Colombia. From an original database of 815 samples (349 controls and 466 cases), samples were randomly selected to reach a ratio of 1:1 of cases and controls without pairing for any variable, for a total of 349 pairs. To be eligible for the study the following inclusion criteria had to be fulfilled by case subjects: (a) Being children less than five years of age; (b) Having diarrhoea that fulfill the WHO criteria for ADD [24] . The inclusion criteria for controls were as follows: being children less than 5 years of age without diarrhoea. The exclusion criteria for participation included (a) having diarrhoea lasting more than seven days; (b) having a history of antibiotics use up to a month before enrollment. A questionnaire was used to collect subject information, including age, sex, area of residence, socio-economic stratum, days of diarrhoea, and date of collection. Area of residence was matched to socio-economic strata according to Colombian government city zoning legislation in which socioeconomic stratum 1 corresponded to areas with the lowest community living conditions and stratum 6 to areas with the highest community living conditions [25] . No specimens from subjects from socioeconomic ranks 5 and 6 were reported in this study, as the university hospital where this work was conducted was not accessed by individuals from these ranks.
The information was added to a database that was kept confidential throughout the study. Stool samples from children with diarrhoea were collected from a population being evaluated at the university hospital Napoleon Franco Pareja Children's Hospital. Stool samples from controls were collected from the same hospital and from day-care centers in neighborhoods surrounding the Children's Hospital. This study was approved by the Ethics Committee at the University of Cartagena, and the Napoleon Franco Pareja Children's Hospital. Informed consent was obtained from the children's parents before samples were collected.
Sample collection and processing
Between [23, 26] . All E. coli clinical isolates from cases and controls were isolated and preserved at -70 o C in 20% glycerol and tryptone soya broth (TSB) (Merck, Darmstadt, Germany).
Multiplex PCR
E. coli clinical isolates were processed for isolation of genomic DNA as described before. In brief, overnight liquid cultures were centrifuged and the pellet resuspended in 1 ml of TE buffer (10 mM Tris-HCl pH 8.0, 5 mM EDTA), incubated at 96 o C for 5 minutes, and centrifuged for 10 minutes. The supernatant containing crude genomic DNA was used as a DNA template on a two-sample multiplex PCR reaction for identification of E. coli pathotypes. The two-sample multiplex PCR was performed as previously described [21] . In brief, genomic DNA from classic E. coli pathotypes was used as positive controls and genomic DNA from E. coli HB101 laboratory strain was used as negative controls, as described earlier [8] . The PCR reaction 1 contained M1 primers for amplification of eae, bfpA, VT, and aggR gene targets for identification of STEC, EPEC, and EAEC pathotypes. The PCR reaction 2 contained M2 primers for amplification of LT, ST, daaE, ipaH, and virF gene targets for identification of ETEC, DAEC, and EIEC pathotypes. Each PCR reaction contained 1 µl of genomic DNA mixed with 24 µl of a pre-made mix of primers at a 0.2-µM final concentration and Taq polymerase (Platinum Blue PCR SuperMix, Invitrogen, Carlsbad, CA). The PCR program used for amplification consisted of 2 minutes at 94°C of denaturing temperature, followed by 40 cycles of 30 seconds at 92°C of denaturing temperature, 30 seconds at 59°C of annealing temperature, and 30 seconds at 72°C of extension temperature. At the end of the 40 cycles and a 5-minute extension at 72°C, samples were separated onto a 2% agarose ethidium bromide stained gel, and DNA bands were visualized and recorded under ultraviolet light for further analysis.
E. coli strains that tested positive were confirmed by single PCR. In addition, generic Shiga-toxin (stx) primers were further tested for stx-1 and/or stx-2 DNA targets by a single PCR assay using specific forward and reverse primer pairs as described previously [23, 27, 28] .
Statistical analysis
Data from cases and controls were analyzed by the GraphPad InStat software program version 3.06 (GraphPad Software, Inc, La Jolla, CA, USA). For all statistical calculations a p-value of 0.05 was stated as statistically significant. Data from cases and controls were analyzed using independent sample statistics. The total population (815 children) was randomly selected to obtain 349 cases for 349 controls without matching for any variable to obtain a ratio of 1:1 and to eliminate the potential bias given by the original difference in the number of cases with respect to controls. The total number of subjects was 698. Frequencies of cases and controls positive for each one of the E. coli pathotypes detected were calculated. Univariate logistic regression analysis of odds ratios (OR) was performed. Multivariate logistic regression analysis was conducted to determine the association of a particular E. coli pathotype with acute diarrhoea when controlled by sex, age, and/or socio-economic level. Excel software (Microsoft, Redmond, WA, USA) was used for data storage. Random selection of cases and the statistical analysis were performed with the STATA/SE 11.0 software (StataCorp LP, College Station, TX, USA).
Results
Characteristics of study population
Data were collected at a single point in time from a total of 815 children younger than 5 years of age. For this study 466 diarrhoea stool samples were collected from children with diarrhoea (cases) and 349 samples from children without diarrhoea (controls). The initial population of 815 children was reduced to 698 by random selection to obtain a case-control ratio of 1:1. The characteristics of the study population after randomization are described in Table 1 . Based on interquartile (IQR) age range measurements, the cases had a tendency to be older than the controls, with cases with a median age of three years (IQR 2 -4) and Controls with a median age of two years median (IQR 1 -4) ( Table 1) . Based on the Mann Whitney test there was a statistically significant difference (p < 0.001) among age ranges between the two groups.
The time range of diarrhoea before enrollment in the study was between one and seven days in cases. Cases were also more frequent among the lower socio-economic strata compared with controls. These data suggest that the higher socioeconomic stratum is associated with protection against diarrhoea ( Table 1) . The proportion of male and female subjects was similar among cases and controls, there was no significant difference with respect to diarrhoea association, and the number of E. coli strains isolated from cases and controls was the same (Table 1 ).
E. coli pathotypes identified among isolates
E. coli strains isolated from all stools from children with and without diarrhoea were analyzed for the presence of E. coli and E. coli intestinal pathotypes by the two-sample multiplex PCR assay. The presence of E. coli strains was similar among cases and controls (Tables 2 and 3 ). A total of 188 (53.87%) cases were positive for E. coli strains and 204 (58.87%) for controls. Twenty-six (7.44%) strains in cases and 12 (3.43%) in controls were positive for E. coli pathotypes ( Table 2 and Table 3 ), indicating that 38 (5.44%) from the total stool samples collected were positive for E. coli intestinal pathotypes (Table 3) .
Logistic regression analysis confirmed the statistically significant differences in age between cases and control groups. The ORs suggested that age and socioeconomic strata may have a protective effect on the development of diarrhoea (Table 4) . Both age and socioeconomic strata were confounding variables that may have led to the underestimation of the effect of infection with these strains in the development of ADD (Table 2) . Results from the logistic regression analysis confirmed the statistically significant differences in age between the two groups ( Table 4) . The adjusted OR suggests a protective age effect to develop diarrhoea. ETEC strains were the most frequent E. coli pathotypes and were associated with childhood diarrhoea. ETEC was more prevalent among cases. ETEC strains had the highest absolute frequency of positive results, with 17 (4.87%) in cases and 8 (2.29%) in controls ( Table 2 ). This data was subsequently evaluated by logistic regression to establish the relationship among individual variables with respect to cases or controls and after controlling for age, sex and socioeconomic stratum ( Table 4 ). The OR demonstrates that ETEC is more prevalent among cases and that there was a 2.5 fold increased risk of having ETEC in cases with diarrhoea than in individuals without diarrhoea (controls).
Based on the presence of enterotoxin, 11 (44%) ETEC isolates were LT positives, 10 (40%) were ST positive and only 4 (16%) were LT/ST positive (Table  5) . Seven LT positive ETECs were isolated from control subjects, while only one was ST positives. Cases had a combination of LT, ST, or LT/ST ETEC strains. Control individuals positive for ETEC were one year old or older. In contrast, cases positive for ETEC included individuals two months old to five years old (Table 5) .
Additional E. coli pathotypes among clinical isolates from children with and without diarrhoea
Additional known E. coli intestinal pathogens were identified, including EPEC, STEC, EAEC and EIEC strains ( Table 2) . No statistically significant association was established between these strains and ADD, as the frequencies in cases and controls were very low. EPEC strains were the second most common pathotype with five (1.43%) strains among cases and one (0.29%) strain among controls. While this frequency is not statistically significant, the difference between cases and controls having EPEC infection was 4.01% (Table 4) . EPEC strains are defined genetically by the presence of the LEE pathogenicity island, which encodes a type III secretion system capable of inducing the attaching and effacing lesion phenotype. While typical ETEC strains also carry bfp genes, atypical EPEC, the most frequent group, lack bfp genes. Two out of six EPEC isolates were typical EPEC and were isolated from cases (Table 6) .
EAEC strains were identified in one case and three controls. Presence of EAEC is therefore not associated with diarrhoea in this study. Only one EIEC strain was identified in a case. Since no EIEC strains were detected in controls no logistic regression analysis was conducted (Table 4) .
Identification of mixed E. coli pathotypes in children with diarrhoea
A total of three strains designated mixed E. coli pathotypes were identified among children with diarrhoea in the initial screening of 815 samples and two from the randomized study (Table 6 ). Mixed pathotypes are defined as those having a virulence genotype different from known E. coli pathogens. No mixed pathotypes were identified from controls. Two E. coli strains were positive for the EAEC aggR marker plus additional virulence factors not typical of EAEC. One of the strains was also positive for LT, a known ETEC marker. The second strain was positive for eae and bfpA, which are EPEC markers. These results indicate that these two strains are a combination of EAEC-ETEC and EAEC-EPEC This strain was randomly excluded from the subsequent statistical analysis. This strain is not an EPEC strain as the eae gene is absent, yet the bfpA structural subunit gene for the BFP pili was present (Table 6 ).
Discussion
Acute diarrhoeal disease is a leading cause of morbidity and mortality in developing countries, and E. coli pathogens are the second most common cause of diarrhoea worldwide after rotavirus [1, 2, 29] . Epidemiological data on the role of E. coli intestinal pathogens in childhood diarrhoea in many developing countries is scattered, as detection of these pathogens requires DNA amplification technology, not readily available in countries with limited resources. We report the first case-control study performed in Colombia to evaluate the association of E. coli intestinal pathogens with childhood diarrhoea. Analysis of the data indicates that E. coli intestinal pathogens are associated with childhood diarrhoea in Cartagena, Colombia, and that ETEC is the most frequent E. coli pathogen. In addition, we have also identified other known E. coli pathotypes and report the presence of potentially novel pathotypes not previously reported in Colombia.
The association of E. coli intestinal pathogens with childhood diarrhoea in Colombia has also been described in other Latin American countries by casecontrol studies. In Brazil it was reported that E. coli intestinal pathogens were the second most common cause of diarrhoea after rotavirus [30] . In Chile E. coli pathogens were implicated in childhood diarrhoea in children less than 1 year of age [31] . Studies in Mexico also recognize the importance of E coli in childhood diarrhoea and in asymptomatic infections. A more recent Mexican case-control study reported that in more than 50% of cases of diarrhoea there was more than one pathogen implicated, including any combination of E. histolytica, Salmonella, or E. coli pathogens [33] . Case-control studies reported from Argentina have concentrated more on STEC, as this country has a high incidence of hemolytic uremic syndrome associated with O157:H7 and non-O157:H7 STEC strains [34] .
ETEC was the most frequently isolated E. coli intestinal pathogen among children with diarrhoea in our study. This association is statistically significant before and after adjusting for sex and socioeconomic rank by logistic regression. The ORs show that ETEC in cases is more prevalent than in controls. It also shows that exposure to ETEC has a 2.5 fold increased risk for developing diarrhoea than no exposure. Socioeconomic strata level was associated with a protective effect. This may be the result of a better potable water supply and sanitation conditions on communities living in at high socio-economic levels. These data corroborate the previously reported prevalence data, in which ETEC was the most frequent pathogen isolated from children with diarrhoea in Cartagena, Colombia [21] . ETEC is estimated to cause 200 million cases of diarrhoea yearly, leading to 150,000 deaths [35] . Several countries in the world report ETEC as the most common cause of diarrhoea among all E. coli intestinal pathotypes, among them Bangladesh, Egypt and Mexico [36] [37] [38] . In addition, ETEC is known to be the most frequent cause of traveller's diarrhoea [39] [40] [41] . In other countries in Latin America, however, ETEC may not be as frequent as in Colombia. In Brazil, for instance, the most prevalent E. coli intestinal pathogens are EAEC and EPEC [42, 43] . While children with diarrhoea positive for ETEC included children from all ages, controls positive for ETEC were older than one year of age. We speculate that a proportion of children one year of age and above who are exposed to ETEC become normal carriers.
This study also identified EPEC, EAEC, and EIEC. The number of isolates was low and there was no statistically significant association with ADD. EPEC isolates were the second most frequent E. coli intestinal pathogen in this study; four strains were atypical EPEC and two were typical EPEC. Two E. coli strains from the randomized casecontrol study and an additional strain from the original number of samples did not fit the definition of classical diarrhoeagenic E. coli. Two of them were positive for the EAEC aggR marker but they also had either the LT ETEC marker or the eae and bfpA EPEC markers. This observation suggests that the virulence plasmid of an EAEC strain may have horizontally transferred to ETEC and EPEC recipient strains or vice versa. We speculate that these strains are not only pathogenic but perhaps more virulent than their ancestral pathotypes, as they may express two independent sets of virulence factors. A third E. coli strain had a genotype identified as bfpA+/eae-. Since this strain is eae-, it is not an EPEC strain, yet the presence of bfpA+ E. coli strains have not been previously described as pathogenic. We speculate that bfpA+/eae-E. coli strains may express unknown virulence factors to make these strains pathogenic to humans. We propose that these three genotypes obtained from children with diarrhoea and not from controls may correspond with emergent diarrhoeagenic E. coli strains. E. coli clinical isolates described as mixed pathotypes were previously described from prevalence studies of children with diarrhoea in Colombia and Costa Rica [44] . Since no control group was evaluated in these studies no association with diarrhoea could be established.
Several limitations were identified in this study, including the single E. coli isolate per stool sample collected rather than five isolates per stool as recommended by other investigators [45] . Also, the lack of information on other pathogens may contribute to diarrhoea in children younger than five years of age, including enteric viruses, non-E. coli bacteria, and enteric parasites. However, this study did not pair cases to controls by age or socioeconomic rank; instead, a multivariate analysis was performed to control the effect on these variables. Future studies in this geographic region that follow these recommendations may provide a more accurate number of E. coli pathotypes associated with childhood diarrhoea, recognize the importance of E. coli pathotypes with respect to other pathogens, and determine the frequency of mixed infections among cases and controls. More studies will be necessary to investigate the prevalence of emergent diarrhoeagenic E. coli in childhood diarrhoea compared with other diarrhoeal pathogens. The natural history of acute diarrhoeal disease associated with these new strains should also be analyzed by prospective or retrospective epidemiological studies. These studies may provide information on clinical manifestations including type of diarrhoea, degree of dehydration, level of inflammation, associated symptoms, and complications.
Research on the nature of emergent E. coli pathogenesis is currently underway. Genomic sequencing and phylogenetic analysis will provide information on potential virulence factors associated with ADD that may have been horizontally transferred into the emergent E. coli genome by virulence plasmids, pathogenicity islands, or bacteriophages. Horizontal transfer of genetic material may be the explanation for the emergence of these pathogens, just as transfer of genetic material is the explanation for the emergence of the E. coli O104:H4 Shiga toxinproducing EAEC pathogen that resulted in the 2011 outbreak of hemolytic-uremic syndrome in Germany. In these particular strains, the Shiga-toxin-phage typical for EHEC strains may have been horizontally transferred to the genome of a typical EAEC strain already harboring a virulence plasmid encoding EAEC virulence genes [46, 47] .
Conclusion
In summary, this is the first randomized casecontrol study done in Colombia to evaluate the role of diarrhoeagenic E. coli strains in childhood diarrhoea. The study found that ETEC is the most frequent E. coli pathogen associated with childhood diarrhoea and that other diarrhoeagenic E. coli, including emergent E. coli pathotypes detected in children, may contribute to ADD in Colombia.
